Abstract.
The characteristics of the current PEAs. PEAs attract attention [1] [2] [3] [4] [5] , due to their simple construction, palm-size dimensions and low cost. Commercial PE X-ray source is available and laboratory PE neutron generators are investigated. The yield attained ~ 10 5 n/heating-cooling cycle. For the last 4 years the yield has been increased by an order of magnitude 3 . To become a viable technology, the yield must be increased by at least one more order of magnitude.
The basic element of PEA is a PE (usually LiTaO 3 , with p=2×10 Practically, the neutrons are generated within ∼ 100 s during the cooling. A schematic drawing of PEA used in [3] is shown in Fig. 1a .
Electrostatic analysis of the present PEA. Consider PEA shown in Fig. 1a [3] .
We calculate the voltage and the electric field in the air gap. This derivation is straightforward but often wrongly formulated. The surface charge on the metal layers at z = L 1 at any moment (t) is
where Q 1 and Q 2t are the charges on the plane z = 0 , and on the target plane z = L 1 + L 2 , respectively. At t = 0+, after application of a temperature step ∆T to PE,
where S is the area of metal plate.
The potential difference between the grounded planes at z = 0 and at z = L 1 + L 2 is 0. Hence, the voltages U P across PE and across the air gap (U g ) are
.
The capacitances of PE (C 1 ) and of the air gap (C 2 ) are
From (1), (2) and (3) we have
where E g is DEF in the air gap. At t = 0+
Thus, the factors pL 2 /(1+ε) and p/(1+ε) determine the potential difference and electric field in the presently used structure of PEA. Therefore it is not advantageous using PEs with high p, since they usually have also a large ε. Notice also that U g increases with L 2 , as long as the parallel plate capacitor approximation is valid.
Electrostatic analysis of the modified PEA. Consider the structure drawn in Fig. 1b, similar to those described in [2] and [4] (see also [6] ).
Obviously, the charges on the metal sheets (at z=0 and z=2L 1 +L 2 ) are
Then, the voltage over the air gap and the field within it are
Thus, in this case the voltage and the field are determined by the factors pL 2 and p, both not depending on ε . Hence, one can increase both values substantially, choosing PE with high p. The advantage of the structure in Fig. 1b is evident.
Estimate of upper limit of neutron gain. In the following, we estimate the maximal possible ion yield and neutron gain in the structures depicted in Fig. 1a and 1b.
Let us consider the relaxation of the surfaces charges on PEs and on the metal plates, and, respectively, the DEF relaxation. We will refer to It is convenient to divide the surface charges on metal layers into two parts. For example, the polarization charge at z = L 1 is Q(L 1 ,t) > 0. Then the charge, screening the polarization charge on the metal/ PE interface, is Q mi (L 1 ,t) = -Q(L 1 ,t), and the charge on the metal/air interface is Q me (L 1 ,t) > 0. Accordingly, at t = 0+
Thus, the left metal surface at the air gap acquires a positive charge equal to the polarization charge of PE.
As PEs are protected from adsorption screening by the metal plates (the screening by internal charge carriers is much slower), the polarization charges relax only due to cooling decreasing p∆T(t). However, the charge Q me (L 1 ,t) can relax also due to the adsorption. Assume there is no adsorption present. Then, if
Thus, the charge -δQ from the metal/PE side and the charge δQ from the metal/air side "recombine" inside the metal. The charge -δQ splits between the metal target layer (z = L 1 + L 2 ) and the external metal plate z = 0, into two parts, δQ 2 /δQ 1 = C 2 /C 1 (see Eq. 2).
This rearrangement proceeds through the common ground. The metal/PE charges at z = 0 are also described by Eq. (7.1).
Let us now consider the opposite situation, when cooling is absent, and 
where th U is the threshold voltage for the nuclear reaction. The sign " < " takes into account the losses due to cooling and adsorption of some "parasitic" charged particles.
For the case of Fig. 1b ( )
The above analysis is based on the validity of the parallel-plate capacitor approximation. Hence, the lateral dimensions of the metal plates must be larger then the gap, which can be easily satisfied. The equipotential metal plate, covering the total PE face, maximizes the yield of the accelerated ions in comparison with the bare, nonequipotential, PE face.
Eqs. (8) and (9) allow estimating the maximum neutron gains attainable in [3] and [4] . The structure in [3] is closely similar to that shown in Fig. 1a 7 . One has Let us do the same estimates for the structure in Fig. 1b . The structure described in [2] and [4] is close to that shown in Fig. 1b (see also note [6] ). All data are as given above, except 2 3.14 cm S = . Then, according to (9) The analysis conducted shows also that to increase the ion gain in the structures shown in Fig. 1a and Fig. 1b , it is advantageous to keep the temperature step (0 ) T ∆ + fixed, and preventing the cooling of PE.
6.
The configuration in Fig 1b is similar, but essentially not identical, to those described in [2] , [4] . There, only a part of the PE face at z = L 1 is metallized, resulting in a decreased gain.
7.
It is possible, however, that in [3] the flat capacitor approximation was not valid.
8.
Both theoretical estimates (10.2) and (12.2), and the ratios (11) and (13), may be approximate, since they are based on the value of 
